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A STUDY OF THE SOLUBLE PROTEINS OF NORMAL AND PATHOLOGIC
HORNY TISSUES BY A MODIFIED DISC
ELECTROPHORESIS TECHNIC*
A. GEDEON MATOLTSY, M.D. AND MARGIT N. MATOLTSY, MS.
Horny tissues such as the hair fiber, nail plate
or stratum corneum of the epidermis consist of
hardened epithclial cells. These cells mainly con-
tain an insoluble protein, commonly called
keratin. While much work has been done and
considerable information was obtained on the
structure and chemical nature of keratin, our
knowledge is incomplete on other proteins of
horny tissues. There is a lack of information on
soluble proteins of the hair fiber and the nail
plate and only a few data are available on soluble
proteins of the normal or pathologic horny layer
of the epidermis. In the thickened stratum
corncum, such as calluses of the sole of the foot,
so far only a single soluble protein, named Kcra-
tin A, was identified (1). Keratin A was extracted
with neutral phosphate buffer and considered as a
precursor or a degradation product of epidcrmal
keratin. Psoriatic scales are known to contain
soluble proteins in a larger quantity than the
horny layer of the normal epidermis. From these
scales three proteins were extracted with borate
buffer of pH 9.4 and were identified as a fibrous
protein, a glycoprotein and a nucleoprotein (2).
In this paper a modified disc clectrophoresis
technic is described that was recently developed
in our laboratory and was found quite useful to
identify soluble proteins of horny tissues. The
advantage of this technic is that it provides
simultaneous extraction and separation of soluble
proteins from minute quantities of powdcrizcd
tissues.
MATERIAL AND METHODS
The following horny tissues were obtained from
three humans who had not used cosmetics or
therapeutic preparations for more than one year:
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(1) hair, (2) nail, (3) calluses of the sole of the foot
and (4) stratum corneum scraped from the leg.
Pathologic scales were obtained from four pa-
tients, three having psoriasis, and one exfoliative
dermatitis. All materials were screened under a
dissecting microscope for contaminants and sub-
sequently ground in a Wiley mill through a 60
mesh screen.
Sample tubes filled with polyacrylamide gels
used in the conventional and modified disc electro-
phoresis technics are shown side by side in Fig. 1.
In the modified technic 70 mm long glass tubes
were loaded with polyacrylamide gels in a similar
way as in the conventional method (3). The lower
gel was prepared from Canalco's "standard gel"
that provides maximum resolution of proteins
having a molecular weight from 30,000 to 300,000.
The spacer gel consisted of Canalco's buffered
large pore acrylamide gel containing riboflavin.
This same gel was also used to perfuse the sample
powder. After hardening of the spacer gel about 0.1
ml of the large pore acrylamide gel was pipetted
into the tube and small glass beads, about 0.2 mm
in diameter, were added to form an about 2 mm
thick layer above the spacer gel. After this, 3 to 5
mg sample powder was poured into the tube and
was mixed with the gel and was evenly distributed
over the glass beads with the help of a needle. Sub-
sequently, another glass bead layer was added to
cover the sample powder and then the tube was
filled to the top with the large pore acrylamide gel.
After hardening of the gel, the upper and lower
ends of the tube were immersed into Tris-glycine
buffer of pH 8.5 and a current of 5 ma was applied
per tube. Satisfactory extraction and separation
of proteins occurred within twenty minutes.
Further processing of the gel columns was
carried out as in the conventional method. After
removal of the gel column from the glass tube, it
was stained for 1 hour in Amido-Schwarz. Excess
stain was removed in 7.5 per cent acetic acid using
7 ma current per tube.
The chemicals used in this study were obtained
from Canal Industrial Corporation(a) (Canalco).
Electrophoresis was carried out in Canalco's bath
assembly and current was drawn from a Beckman-
Spinco regulated D.C. power supply.
RESULTS ANO COMMENTS
During the course of this study, 147 electro-
phoretic runs were made, including 4 to 6 runs
of each sample powder. The electrophoretic pat-
(a)Address: 4935 Cordell Avenue, Bethesda 14,
Maryland.
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FIG. 1. Sample tubes of the conventional and modified disc electrophoresis technic are shown. Note
that the lower and spacer gels are prepared identically. In the modified method powderized tissue is
sandwiched between glass bead layers.
EXF. DERM.
PSORIASIS
FIG. 2. Electrophoretic patterns derived from
powderized human keratinous tissues are shown.
terns clearly demonstrated that each of the
studied tissues contain soluble proteins which
are readily extractible by our technic. The elee-
trophoretie patterns provided by hair or nail
showed that both of these horny tissues contain
two fast moving proteins which migrate in the
form of sharply defined and dense bands (Fig.
2). The patterns obtained from calluses revealed
four components. Two of these were fast moving
proteins, similar to those noted in the patterns
derived from hair or nail. The others migrated
somewhat slower and formed faint and ill-defined
bands. The stratum corneum of the epidermis
showed five bands, two of which corresponded to
the fast moving proteins while the three others
STR. CORN.
FIG. 3. Electrophoretic patterns derived from
pathologic scales and stratum corneum of the
normal epidermis are shown. Note that eight pro-
tein bands are obtained from pathologic scales, the
first five corresponding to those of the stratum
corneum of normal epidermis.
were relatively slow moving components and
formed faint and ill-defined bands. Since two
dense and fast moving bands occurred in all of
the patterns, it appears that these two com-
ponents are dominant in all horny tissues. The
results obtained on hair and nail are of consider-
able interest because this is the first time that
soluble proteins were identified in hard keratinous
tissues. Furthermore, it is also noteworthy that
the soft keratinous tissues contain four or five
soluble proteins.
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The patterns obtained from pathologic ma-
terials revealed a greater abundance of extractible
constituents than found in normal horny tissues.
Scales of exfoliative dermatitis provided patterns
consisting of seven well recognizable narrow
bands and of one slow moving broad and ill-
defined band. When this pattern was compared
with that derived from psoriatic scales, no sig-
nificant difference was noted (Fig. 3). The eight
protein bands obtained from psoriatic scales re-
veals that soluble proteins occur in a larger num-
ber than it has been previously found (2).
To compare the soluble proteins of the normal
and the psoriatic horny layer, electrophoretic
runs were made under identical conditions using
4 mg sample of each tissue. The patterns derived
from such experiments showed that the first five
bands obtained from psoriatic scales coincide
with those of the normal stratum corneum (see
lower part of Fig. 3). This observation thus re-
veals that these proteins are identical as far as
their electrophoretic mobility is concerned. Since
the last three bands obtained from psoriatic
scales are absent from the electrophoretic pattern
yielded by the normal stratum corneum, the
proteins forming these bands may be considered
as characteristic constituents of pathologic scales
and are of diagnostic value. Further experi-
mentation with this technic on various pathologic
tissues is proposed to develop it to the extent that
it could be used as a diagnostic tool.
5UMMARY
A modified disc electrophoresis technic is de-
scribed that provides simultaneous extraction
and separation of soluble proteins from 3 to 5
mg powderized horny tissues in 20 minutes. By
this technic two soluble proteins were identified
in the hair or nail, four in calluses of the sole of
the foot and five in the stratum corneum scraped
from the leg. Pathologic scales, obtained from
patients having psoriasis or exfoliative derma-
titis, gave electrophoretic patterns consisting of
eight protein bands.
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DISCUSSION
DR. DAPHNE ANOER5ON ROE [Ithaca, N. Y.]:
I would like to ask Dr. Matoltsy whether any
special staining technics other than Amido-
Schwartz have been applied to the disc electro-
phoresis method in order that these various pro-
teins might be further identified.
DR. WALTER F. LEVER (Boston, Mass.): I
would like to ask Dr. Matoltsy to what extent
the proteins that he has demonstrated in keratin
are serum proteins.
DR. DON E. Mc05KRR (Cincinnati, Ohio):
Dr. Matoltsy has referred to soluble proteins in
horny tissue. I should like to know what solvents
were used to solubilize these proteins?
DR. SIMoN ROTHnRRG (Bethesda, Md.): I
would like to comment about some work we have
done with the soluble proteins of normal and
abnormal human epidermis, which confirms Dr.
Matoltsy's work. We extract soluble proteins
from human epidermis and psoriatic scale with
phosphate buffer, p11 7.3, and then fractionate
the soluble proteins with ammonium sulfate
(Rothberg, S.: Biosynthesis of epidermal pro-
teins, Conference on Keratinization, Academic
Press, N.Y., 1963). We obtain six or more differ-
ent proteins by this method. Each of the fractions
was run using the disc electrophoresis technic
and indicated different mobilities for each frac-
tion.
DR. A. GEDRON MATOLT5Y (in closing): We
experimented with the Barrnett and Seligman
technic and observed positive reaction for —SR
groups in both bands obtained in runs of powder-
ized hair. Other staining methods we have not
explored as yet. We analyzed human serum with
the conventional disc electrophoresis technic and
compared the bands with those obtained in runs
of psoriatic scales. So far we have not seen cor-
relations so that we could draw conclusion as to
which of the bands would correspond. Keratin is
insoluble in buffers ranging from pH 3 to 11
while the soluble proteins, present in keratinous
tissues, are soluble in this pH range. We used
Tris-glycine buffer of pH 8.5 in the experiments
described.
